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Abstract

Discussion and Conclusions

The consistently observed phenomenon of highly altered streams and degraded water quality
draining urban areas across the U.S is described as the urban stream syndrome. Rock Island,
Illinois, contains a population of nearly 39,000 people, and houses industrial and logistical
businesses amidst a city of aging infrastructure. Streams occupy ravines that have incised into the
Quaternary loess plateau, flowing south towards the Rock River and north or west towards the
Mississippi River. In an attempt to understand better the severity of Rock Island’s urban stream
syndrome, this project analyzed stream slopes within the Rock Island watershed to categorize their
level of instability and differentiate more or less stable sites based on dimensional measurements of
the stream, bank angle, etc. Bank stability scores were then compared to hazardous levels of
phosphates, chlorides, total suspended solids (TSS), and total dissolved solids (TDS), as well as
stream discharge. Definitive results show that all sites within the watershed have TDS, TSS, and
phosphate levels well above the maximum contaminant levels set by the EPA while a majority of
the sites had safe levels of chlorides. In general, water quality improves with distance downstream.
Of the 20 sites studied in this highly urbanized watershed, 9 ranked as having moderate instability
while 11 had high instability. TDS, TSS, and chlorides correlated reasonably well, in that high
concentrations of each correlated positively with more unstable sites. Phosphates and stream
discharge did not present patterns when compared to the stability ratings. Consequently, this rating
system requires refinement to better distinguish stream slope stability. This project recommends
that the city of Rock Island communicate to residents the importance of mitigation strategies to
reduce bank erosion and water pollution. Rock Island and other communities need to work to lower
urban pollutants draining into the Mississippi, given the hypoxic conditions and consequent
ecological degradation observed downstream and in the Gulf of Mexico. Moreover, healthy urban
aquatic ecosystems increase their aesthetic qualities while decreasing their environmental hazards. !

Background
When an area of land becomes developed, an unprecedented increase in people, waste, impervious
surfaces, and infrastructure begin to deteriorate the health of the surrounding landscape by interfering
with ecosystem functions. In streams especially, symptoms of ecological degradation are consistently
observed as towns evolve into denser cities. This “urban stream syndrome” includes “a flashier
hydrograph, elevated concentrations of nutrients and contaminants, altered channel morphology and
stability, and reduced biotic richness, with increased dominance of tolerant species” (Cottingham,
707). Regarding changes in stream hydrology and geomorphology, consistent studies show that stream
channels become wider, deeper, and straighter as a result of high storm flows; these high flows raise
water over the floodplain very quickly and very frequently, resulting in high erosional rates
(Cottingham, 708). As a result of high volumes of water flushing through, the streams become scoured
of their nutrients and receive more sediment that degrades off the slopes. The overlying mechanism of
these rapid changes lies in the complex hydrological connections of the developed area, including a
sprawling network of wastewater and storm water systems below ground as well as inputs from pipes
and culverts aboveground. As much as 43% of precipitation leaves an urban area via storm sewers
(Pickett et al., 335). This increased runoff from impervious surfaces converts these streams into
gutters, marking higher stream channel alteration and reduced biotic diversity. This urban drainage
system of pipes and channels efficiently conducts water and sediment away from the city and into the
Mississippi River, but leads to further pollution as it flows toward the Gulf of Mexico.!

Methods

Figure 2. The Rock Island watershed, with the Mississippi River to the north and Rock River to the south.
Red dots indicate sites with high instability while yellow dots indicate moderate instability. Note that there is
no site 18; this was due to lack of access to private property.!
!

• It is unsurprising that all of these highly urbanized sites ranked as moderate instability or higher but this
methodology has made it difficult to distinguish them at a finer resolution. The moderate instability rating at
Loud Thunder Forest Preserve was surprising as it appeared the most natural and isolated of the tested streams.!
• Results for TDS and TSS trended quite similarly, indicating that sites with higher concentrations of ions also had
more debris degrading off of stream slopes. Sites 12-17 in the west-southwest portion of the watershed had the
highest level of each parameter. Sites 15, 16, and 17 lie in a ravine between a dentistry office and Trinity
Hospital. It is possible that runoff from each’s parking lot increases sheet erosion down the slopes into the
stream. Moreover, following the primary stream from sites 15, 16, and 17 to the confluence, TSS decreases from
approximately 1100-1200 mg/L to 600-650 mg/L. This suggests that TSS becomes diluted as it travels from
source to sink and that watershed-wide contaminants are filtered as they meander to the Rock River. Sites 13 and
14 include a drainage pipe that incites more erosion downstream and site 12 was characterized by steeper slopes
in a neighborhood, suggesting gravity is culpable for excess stream debris at this location.!
• Phosphate levels across the watershed trend oppositely to TSS. Given that phosphates readily cling to debris,
there is an inverse relationship between the two, in that a higher concentration of suspended solids would have
more phosphates bonding to them, resulting in low concentrations of total phosphates dissolved in the water, and
vice versa. In this way, high phosphates can mean poorer water quality, but this higher level can be alleviated by
the presence of much debris in the stream. In conjunction with this argument, site 16 has the highest TSS
concentration but the lowest presence of phosphates. While phosphate measurements in this watershed are quite
high, this parameter may not have predicted this stream rating methodology because of this buffering
mechanism. Some spatial anomalies come to light. Site 10, being situated in Black Hawk State Historic Site,
experiences a spike of phosphates. This could be a result of inputs from wildlife to the stream. At sites 20-22,
however, different causes are at work. Possible non-point sources of phosphates include stormwater or industrial
runoff, inputs from wildlife, lawn fertilizers, and the natural dissolution of phosphates from rocks and minerals.!
• Rock Island may be using ice salt substitutes to curb chloride contamination. Sites 9 and 10 lie in Black Hawk
State Historic Site, with 9 being 30 meters from the road and 10 lying in the park’s interior. These forested sites
act to buffer road salt inputs into the stream while the rest of the sites are generally higher in chlorides. Site 2 is a
small stream bordering a local park behind residential homes while 16 and 17 mark a ravine between the parking
lots of Trinity Hospital and a dentist’s office off of 17th Street. Salting practices may explain these higher values.!
• Discharge measurements are excluded from discussion since values were too low to distinguish across the board.!

Results
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Site 11 had the lowest instability rating due mainly to concrete
riprap protecting the banks of this bridge.!

An undercut bank at site 9, within Black Hawk State
Historic Site, thirty meters from the main road.!
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• Equipment used for dimensional stream measurements: a tape measure, meter stick, stakes, a
Brunton compass, clipboard, measuring boards (large and small), GPS, and boots/hip waders.!
• Dimensional measurements of the streams involved five parameters (see Figure 1), values of
which were inputted into Rosgen’s bank stability rating system to categorize each site’s 100-foot
stream reach on a scale of Very Low to Extreme Instability.!
• To measure the concentration of chlorides and total dissolved solids, YSI water quality probes
were used. Total suspended solid concentrations were collected by drying sample water in petri
dishes in a lab oven. To test phosphate concentration, a HACH DR/850 colorimeter was utilized.
Discharge calculations were obtained in the field using the ‘ping-pong ball’ method.!
• A control site at Loud Thunder Forest Preserve in Illinois City, IL was also selected in order to
compare a more remote, forested stream site to the urbanized streams of Rock Island.!

Figure 1. Rosgen’s Bank Erosion Hazard Index (BEHI) scores for each streamside parameter and
the sum total score corresponding to an instability rating (Rosgen).!
!
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Site 6, ranked as high instability, is characterized by exposed shale and tree roots along its bank.!
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Figure 3. Average values of sampling events for phosphates (green), TDS (grey), chlorides (yellow),
and TSS (blue) for each site. Error bars represent standard error of the data. The adjacent summary
table describes the EPA’s Maximum Contaminant Level (MCL) of TSS (State), TDS and chlorides in
streams (Environmental), and the effluent limit of phosphates for streams not discharging directly into
reservoirs (Helsel). In addition, an arbitrarily chosen benchmark value to compare differing water
quality is given, above which water quality is considered the most hazardous for that parameter. MCL
are represented by a red line and benchmarks a maroon line.!

• Of the 20 sites studied, 9 ranked as having moderate instability while 11 had high instability; the control site at Loud Thunder
Forest Preserve had a moderate instability. Sites 18 and 14 are discounted due to lack of access and the fact that site 14 is a large
drainage pipe draining a busy street and does not have a stream bank to rate.!
• For a majority of the sites, concentrations of TSS, TDS, and phosphates were well above EPA-recommended effluent limits
while chloride concentrations were generally at safe levels.!
• Generally, water quality improved downstream towards the confluence of the Rock River.!
• More unstable sites were evident in the west-northwest portion of the watershed.!
• In order to differentiate sites with more hazardous water quality (as all were well above MCL), benchmark values were
arbitrarily chosen for each parameter and sites that ranked as moderate or high instability were matched to those sites with
highest and lowest average concentrations (above and below the benchmarks). The above graphs show only the upper limit
threshold value. TDS, TSS, and chlorides correlated reasonably well, in that higher concentrations of each correlated positively
with more unstable sites while phosphates and stream discharge did not present patterns when compared to the stability ratings. !
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